Morphogenesis of Geodermatophilus strain involves two stages, a motile rod (R form) and an irregularly shaped cluster of coccoid cells (C form). A variety of mono-and divalent cations have been found to induce R-form to C-form morphogenesis and to maintain the organism in the C form. Concentration optima for all cations exceeded 100 mM. Results indicated that uptake of cations was accompanied by extrusion of intracellular protons, causing an increase in intracellular pH. A variety of organic amines also induced morphogenesis. Organic amines were taken up in the dissociated free base form, causing the intracellular pH to rise. None of these compounds was utilized as a carbon or nitrogen source.
Morphogenesis of Geodermatophilus strain involves two stages, a motile rod (R form) and an irregularly shaped cluster of coccoid cells (C form). A variety of mono-and divalent cations have been found to induce R-form to C-form morphogenesis and to maintain the organism in the C form. Concentration optima for all cations exceeded 100 mM. Results indicated that uptake of cations was accompanied by extrusion of intracellular protons, causing an increase in intracellular pH. A variety of organic amines also induced morphogenesis. Organic amines were taken up in the dissociated free base form, causing the intracellular pH to rise. None of these compounds was utilized as a carbon or nitrogen source.
The actinomycete Geodermatophilus exhibits a complex morphogenetic growth cycle involving two major forms, a motile budding-rod (R form) and a nonmotile, irregularly shaped aggregate of coccoid cells (C form). Recently, we demonstrated synchronous morphogenesis of this organism in undefined media and characterized the growth cycle by electron microscopy (5) . We reported that cellular differentiation was controlled by an unidentified factor present in one medium constituent, tryptose (Difco). This factor was required for morphogenesis of the R form to the C form. Furthermore, in the presence of the factor, growth was exclusively in the C form, suggesting that it also was required for maintaining the organism in the C form. This was supported by the observation that removal of tryptose resulted in C-form to Rform differentiation. During attempts to identify the tryptose factor, we found that a variety of inorganic cations and organic nitrogenous cations will control morphogenesis of Geodermatophilus.
MATERIALS AND METHODS Geodermatophilus sp. strain 22-68 was used exclusively in this study. Cultural conditions and compositions of media CB and TYB have been described previously (5) . Medium CB was modified by increasing the K+ (medium CBK) or is required for maintenance of the C form and for R-form-to-C-form morphogenesis. Morphological characteristics of strain 22-68 in medium A were therefore identical to those reported previously for medium CB (5). Stock solutions for medium A were prepared in glass-distilled water as follows. Amino acid stock solution consisted of (per 200 ml of water): L-methionine, 0.4 g; L-leucine, 1.0 g; and monosodium L-glutamate, 4.0 g. Vitamin stock solution consisted of (per liter of water): biotin, 2 mg; thiaminehydrochloride, 5 mg; and cyanocobalamin, 0.1 mg. Stock solution A-2X contained 0.4% (wt/vol) Lasparagine, 0.1% (wt/vol) MgSO4, 1.0% (vol/vol) trace mineral solution (9), 1.0% (vol/vol) vitamin stock solution, 0.5% (vol/vol) amino acid stock solution, and 40 mM tris(hydroxymethyl)aminomethane (Tris)-hydrochloride buffer (pH 7.0). All solutions were stored frozen. Medium A was prepared by diluting solution A-2X with an equal volume of glass-distilled water followed by steam sterilization. Glucose (20% wt/vol) was sterilized separately and added aseptically to the medium at a final concentration of 0.2%. Medium AK and medium ANa were modifications of A in which K+ and Na+ concentrations, respectively, had been increased as designated in the text.
Cell dry weights were estimated turbidimetrically at 660 nm from standard curves prepared with washed exponential phase R-form and C-form cells. These plots were identical for both forms and were linear up to an optical density reading at 660 nm ( Na+, NH4+, and K+ were tested for ability to maintain Geodermatophilus in the C form by assay system I. All three were active at a concentration of 100 mM. passively transported as the free base NH,; the dissociated H+ remained in the external medium, causing a decrease in the pH. If this were the case in Geodermatophilus, organic amines with strong base properties, capable of penetrating the cell membrane, also should be taken up passively in the form of the dissociated base. Accumulation of the impermeable dissociated H+ should, consequently, lower the pH of the culture. All organic amines tested were potent inducers of R-form-to-C-form morphogeneis ( (10) showed that NH, penetration in S. faecalis was freely reversible and that intracellular NH, could easily be removed by washing. DISCUSSION In attempts to find a common mode of action for the wide variety of inorganic cations capable of inducing morphogenesis in Geodermatophilus, we found that uptake of these compounds was accompanied by extrusion of H+ in all cases. This phenomenon is well established in other microorganisms (2) . The efflux of H+ did not appear to be stoichiometric. Although we have not studied this in detail, incoming cations probably also exchange for other intra- (Fig. 4) . Like the inorganic cations, uptake of organic amines caused an increase in intracellular pH. Reichenbach and Dworkin (6) reported a similar nonspecific cation-induced morphogenetic system in Stigmatella aurantiaca. Myxospore formation in this organism was induced by a variety of monovalent cations. A mode of action was not suggested. In another example, Roberts (7) reported that sodium and potassium salts induced differentiation of Dermatophilus to the hyphal stage and inhibited the appearance of the motile stage in this organism. Other cations apparently were not tested. In both cases, relatively high concentrations of cations (50 mM or greater) were required for morphogenetic induction. It would be worth testing the possibility that the mode of action of cations in these systems is identical to that proposed for Geodermatophilus particularly in the case of the closely related organism Dermatophilus.
An increase in intracellular pH could have a profound influence on the metabolism of an organism. Zarlengo and Abrams (10) showed that glycolysis is stationary-phase cells of S. faecalis was inhibited by a low intracellular pH. Glycolysis was restored immediately upon uptake of NH3 or organic amines. Glycolysis also was restored, although less effectively, by K+ and Na+ uptake. These compounds were shown to raise the intracellular pH. In addition, Tempest et al. (8) found that the glutamate content of the free amino acid pools in Aerobacter aerogenes increased dramatically when the organism was grown in the presence of high NaCl concentrations. Glutamate dehydrogenase activity exhibited a marked pH dependence with an optimal pH of approximately 8. Na+ uptake was accompanied by H+ efflux, raising the intracellular pH. It was, therefore, proposed that the increase in glutamate in the presence of NaCl was due to enhanced activity of glutamate dehydrogenase. We propose that a metabolic event necessary for cellular differentiation in Geodermatophilus is enhanced by raised intracellular pH.
